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~lertron Attacllmcnc Rates in C12_

R. C. Sze, il. E. Crrenc, and C. A. Hrau

l.os ,Ilamos Scientific I.aboratl)ry
LOS Alamos, NM 87545

~ur meas~remc!nt of electron attachrnc’nt rates in C]9 is a conLinuinj:
.

cfforL to obtain quantitative daLa on all possible halo~cn donor species

that may be relevant to the rare gas l];llidc? disch;~rRc lasers. Tn our work

to mcdel the lasers and comp~r~.! tllcrn with actuol oilur;lLin}: dcviccs, iL Ilas

bccomu evident that tl~e knowlccigc (J1 attachment ratrs in tll~’ Ras mix at

very c;]r]y Llmc,s durin~: tllc build Up of th~) Vi)LL~fl~J 1s important in propt’rly

predicting: the volt;~ge and current characteristics of the’se devices. T!lis

requires ;] knowLc’d}:c of elcctrun attachment rates at low 11/?J va].ucs and

corruspondin~ly low values of reran electron cncyr~les. ~I~lcll Of this inf(~r-

maLi(~n is ni)L avai]iabll? in thcl present literature.

I)iltil arc obtained using a small clcrtron beam macllinc (Fir. 1) wilicll

11:]s l~c)un clcsc-il]cd by Brau, R.nybun, l)od~c, and Cilman.
(1)

TIM’ dcvirc util,iz,~s

a Spiral generator as the hl}:ll-vu]tagc source anJ delivers 100 AL’I’ elcctr[uls

tllroul:h a 25-,:m aluminum foil. T’hc current is attenuated t!lr(}uj:ll d srrics

of mctn] si”rct,lls L(I V:I]ULIS of ].C’SS tlmn an nmpc>rc

1) mm in di:imclt~)r. I’U]SC Width c-an bcI ViJriL1t] frclm

tlmc for Lll( curr~,nt ;lt - 2 ns.

_l–



Fig. 2 for an l;/x = J.7? x 10
-17

W!12 . ‘1”~’(1simllltal~,olls scope tr;lcc,,-; ;ITL,

obtained so t}mL t]]c d,qt;l for ],11.LI times ;]rc, (’xpandud hv a f;lrtor of 5.

ThLI curves tare dip, iLizcd and a sin, ‘(, c:<ponr’ll Li:l] CICC;IV is usc(l to least

squares fit tllc d(ata. in gcni’ral, d(a L; I of over :In ord~,r of ma~:nitlldc cl~.an}:(,

in Sigtlill arc used to ualc(ll:ltc LIIC tire, (“orlstant for tlIP cxpnncntial

Cic(’aj’.

Attachment rates arc! meas[lred in rli~rog~’il and :Ir[:on mixt(lrcs in order

to acLess different rc~ions of m~l.an clt’(”tron cn(!rgies. Fi;:ur(’ ‘1 gives drIL;l

(If 260 pilrtS pcr

Ila L:I plll)lisl)~!(l

cal(.lll;ltions usin:’,

our h]tzm,an code to obtain the c!lcctron c’ncrgy disLribuLion and it is [’on-

(“1) (~i)
Volutec] wiL!l Lill, rross-sc,~.tinn d;lta of ~urcpd and fj(mlic and Tam and k!nll~’,.

in th~> ran~c of E/N wll~,r(, t]l~ AV(;() d~t.1 is ilvafli]b](! 1)(.)t]lLII(I prC’s(!nL dilL;l

and AVC[)lS dnLa, ;1s wel 1 as tll~~ tlworcticl] curve, ilgrc’c. AL tllu lI)W !;/:(

repion tllc dat(l indirntcs :1 rapid rise of the atc:lchmc!nt rate LIIa~” dots

not agree with ttlu calculations using crc)ss-scctiun (l~til. W(, wil] rcLllrn tf~

this point later in our discussion. ThL! (li~t(] flt c~cll 11/N is taken .L

several pressures of the gas mix.

l“igure 4 shows attachment rates aS a functi.nn of 1:/:: in ar~oll for tllu

same fractional chlorine concentration ;IS [n LIICI C:ISLI of niLro~cn. Tll(ts(’

two sets of datn can he plntted togrtllc)r as ii fun(:Lfon Of mean electron

energy using tllc conversion curves shmn Jn FiE. 5. TI1(I

energy is ubtaincd for each E/N us!.ng tl)(! Boltzman code

electron energy distribution.

IIN!illlelectron

o Cal(-ulatc’ tllc,



I“llc?plOt of attachment rate as a func Lion c~f mean electron energy is

given in Fig. 6. There are two aspects of this data tll:lt :Irc’ al-~as nf

ccnccrn. First, is tbc vc’ry steep rise at lnw elcctrun ,ncrKies. This

rise is certainly also cvidenL from the /\\’(;()dat:] ancl is nr)t pr~’C!fCLd in

the calculated curve using t!ie 1301tzman code and t:ll? cross-section data of

Kurepa and Belie. Second, is thr pcaki.ng of LIIC att~chmcn: r,ate i.n arp[~n

at elet.tron energies lower tll;ln tllilt predicted frc]m crnss-section data.

Since both the cross-secLion d~til of Kurcpa ilnd J)clic :md tllc rcccnL data

2
of Tam and hkm~ show tllc 2:. pci-ik to bc) much higher Lhiln t}’~’ ‘“R l)~’~lk~

u

data. It is, of (-llUrSLo, ~(ISSft)].CI L]lat contaminants arL’ ):i~rin!: us tll(’su

The rapifl risl’ O( t]lc atLachmcnL rate at lrIW (Jlc)(tr(ln (Jn~’ry.i~’s in X,, is

more difficult to explain. Onc pussfl)lllty Is tllaL rotdtll~ndl (lXC~tdtiL1:l

if tllerc WUS s~mc, s$stenltic expCrimCnLill crr(!r, WLI rcmt’~lsl’rcd tll(’ ilt.’il(:t~.mc’tlt
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